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LEARNING OBJECTIVES

After completing this course, the reader will be able to:
1. Describe the oral manifestations that can appear with TKI/mTORI.

2. Describe the limitations of the current oral assessment tools in assessing these novel presentations and list items
needed to assess the presentations properly.
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ABSTRACT

Background. Oral adverse events (OAEs) associated with
multitargeted tyrosine kinase inhibitors (TKIs) and mam-
malian target of rapamycin inhibitors (mTORIs) are un-
derestimated but frequent and novel presentations of
mucosal manifestations. Because optimal antitumor activ-
ity requires maintaining the optimal dose, it is essential to
avoid unintended treatment delays or interruptions.

Methods. We review the reported prevalence and ap-
pearance of OAEs with TKIs and mTORIs and the current
oral assessment tools commonly used in clinical trials. We
discuss the correlations between OAEs and hand—foot skin
reaction (HFSR) and rash.

Results. The reported prevalence of oral mucositis/stoma-
titis of any grade is 4% for pazopanib, 28% for sorafenib,
38% for sunitinib, 41% for temsirolimus, and 44% for
everolimus. Oral lesions associated with these agents have

Oral Manifestations with TKIs and mTORIs

been reported to more closely resemble aphthous stomatitis
than OM caused by conventional agents. In addition, these
agents may result in symptoms such as oral mucosal pain,
dysgeusia, and dysphagia, in the absence of clinical lesions.
Because of these factors, OAEs secondary to targeted agents
may be underreported. In addition, a correlation between
OAE:s and HFSR was identified.

Conclusions. OAEs caused by TKIs and mTORIs may
represent dose-limiting toxicities, especially considering
the fact that even low grades of OAEs may be troubling to
the patient. We discuss how these novel AEs can be as-
sessed because current mucositis assessment tools have
limitations. Prospective studies investigating the pathogen-
esis, risk factors, and management of OAEs are needed in
order to minimize the impact on patient’s health-related
quality of life. The Oncologist 2012;17:135-144

INTRODUCTION

As a result of the introduction of targeted anticancer therapy
for advanced renal cell carcinoma (RCC) and metastatic RCC
(mRCC), the overall survival time of patients with this disease
has increased dramatically. Currently, six U.S. Food and Drug
Administration (FDA) and European Medicines Agency
(EMA) approved targeted agents are available for treating
RCC: sunitinib malate (Sutent®; Pfizer, New York), sorafenib
tosylate (Nexavar/Nexxava®; Bayer HealthCare, Leverkusen,
Germany), pazopanib (Votrient®; GlaxoSmithKline, Green-
ford, U.K.), temsirolimus (Torisel®; Wyeth Pharmaceuticals,
Philadelphia), everolimus (Afinitor®; Novartis Pharmaceuti-
cals, East Hanover, NJ), and bevacizumab (Avastin®; Genen-
tech, Inc., South San Francisco, CA) plus interferon-a2a.
These agents are indicated as first- and second-line therapies.
Bevacizumab differs from the other agents reported here in
that it blocks vascular endothelial growth factor, whereas the
other agents block multiple receptors and intracellular path-
ways (Table 1).

With longer survival times, it has become even more im-
portant to optimize health-related quality of life (HRQoL) dur-
ing treatment. These agents have a spectrum of mucocutaneous
adverse events (AEs) with oral adverse events (OAEs), hand-
foot skin reaction (HFSR) (for sunitinib, sorafenib, pazopanib,
and everolimus), and rash as disabling and dose-limiting AEs.
There are no evidence-based management options to prevent
and treat these AEs.

Treatment of mRCC with Targeted

Anticancer Agents

Targeted anticancer therapy is a general term that refers to
drugs that target pathways in the growth and development of a
tumor cell. Targeted therapies such as (multitargeted) tyrosine
kinase inhibitors (TKIs) and mammalian target of rapamycin
inhibitors (mTORIs) for RCC demonstrate a high level of ef-
ficacy with acceptable tolerability [1]. Targeted therapies may
be continuously administered for their long-term ability to in-

hibit tumor growth, progression, cell proliferation, and angio-
genesis.

In a short span of 4 years, the oral (multitargeted) TKIs
sunitinib, sorafenib, and pazopanib, the i.v. mTORI temsiroli-
mus, and the oral mTORI everolimus were approved by the
FDA and EMA. Sorafenib received FDA and EMA approval in
2005 [2], sunitinib received approval in 2006 [3], temsirolimus
received approval in 2007 [4], everolimus received approval in
early 2009 [5], and pazopanib received approval in late 2009
[6]. Sunitinib also received FDA and EMA approval in 2006
for the treatment of gastrointestinal stromal tumor (GIST) [3],
and sorafenib received approval in 2007 for the treatment of
unresectable hepatocellular carcinoma (HCC) [2].

Treatment Delay, Dose Modifications, and

Early Cessation

Optimal antitumor activity requires maintaining the optimal
dose in individual patients. In order to improve HRQoL and
adherence, AEs should be prevented if possible and treated if
necessary. Current oral formulations of targeted agents consist
of various schedules (e.g., continuous administration or 4
weeks on and 2 weeks off for sunitinib only) to optimize the
risk—Dbenefit profile.

Impaired HRQoL may have a negative impact on patient
treatment adherence. Treatment over- or underadherence can
have a significant impact on efficacy and the severity of treat-
ment-related AEs [7]. Poor adherence may affect the therapeu-
tic alliance, create skepticism in both the therapist and patient,
induce resistance, worsen the disease or the prognosis attrib-
uted to missed doses, and increase health care costs [8]. Ad-
herence to anticancer treatment is particularly important when
prescribing self-administered oral therapies [9]. Because
sorafenib, sunitinib, pazopanib, and everolimus are taken in
the outpatient setting, patient education on the correct treat-
ment dosing, usage, and the nature, recognition, and severity of
AEs is essential to avoid unintended treatment delays or inter-
ruptions.
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Table 1. Targeted agents for advanced RCC and dermatological AEs

Mode of Any cutaneous
Agent Brand name action FDA and EMA approved indications AE (%)
Sunitinib Sutent® TKI Advanced RCC, imatinib-resistant GIST 81% NR
Sorafenib Nexxava®/Nexavar® TKI Advanced RCC, unresectable HCC 74, NR
Pazopanib Votrient® TKI Advanced RCC NR
Temsirolimus Torisel® mTORI Advanced RCC NR
Everolimus Afinitor® mTORI Advanced RCC after failure of sunitinib or NR

sorafenib

version 3.0.
“From Lee et al. (2009) [13].

All severity was graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events,

Abbreviations: AE, adverse event; EMA, European Medicines Agency; FDA, Food and Drug Administration; HCC,
hepatocellular carcinoma; GIST, gastrointestinal stromal tumor; mMTORI, mammalian target of rapamycin inhibitor; NR, not
reported; RCC, renal cell carcinoma; TKI, tyrosine kinase inhibitor.

CONVENTIONAL CYTOTOXIC CHEMOTHERAPY- AND
RADIOTHERAPY-INDUCED OAES

There are a number of cancer treatment-related, clinically im-
portant AEs that disrupt the function and integrity of the
mouth. These AEs include OAEs characterized by redness,
swelling, and ulceration; xerostomia (subjective dry mouth);
and dysgeusia/ageusia (altered taste/taste loss). OAEs can re-
sult in significant clinical consequences, including oral sensi-
tivity and pain, and can affect function, such as with difficulty
in chewing and swallowing food, potentially leading to nutri-
ent and caloric deficits, difficulty taking oral medications, and
a higher risk for local and systemic infections [9, 10].

Stomatitis is a general term that includes inflammation and
ulceration of the mucosal lining of the mouth resulting from
any cause. Oral mucositis (OM) is the more specific term that
is used to describe oral mucosal inflammation and ulceration
induced by cancer therapies [11]. Conventional cytotoxic che-
motherapy- or radiotherapy-induced OM is inflammatory-
mediated damage of the mucosal membranes, most commonly
involving nonkeratinized mucosa, that line the oral cavity; the
ulcerative phase of development presents clinically with irreg-
ular and often confluent ulceration that is typically preceded by
regional erythema. Whereas the first phases of mucositis in-
volve the submucosal connective tissue, the epithelial cells of
these mucosal tissues have a high turnover rate, which may
make them susceptible to the effects of cancer chemotherapy
and radiotherapy on the connective tissue and epithelium [12].
It is now recognized that it is not just the epithelium that is af-
fected by cytotoxic treatment, but also the underlying connec-
tive tissue. OM develops almost exclusively on nonkeratinized
mucosal surfaces (e.g., the buccal and labial mucosa, lateral
tongue, floor of mouth, and soft palate).

The management of OAEs includes assessment, diagnosis,
teaching oral care, administering interventions aimed at pre-
vention and palliation of symptoms, and supporting patients in
coping with symptom distress [9].

TKI- AND MTORI-INDUCED MUCOCUTANEOUS AES

Targeted therapy-related AEs, such as rash, xerosis, pruritus,
mucosal, and hair abnormalities, occur in up to 81% of patients
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during treatment with TKIs or mTORIs [13]. Recognizing the
fact that head-to-head comparisons are lacking and interpreta-
tion and scoring of AEs may not be univocal, Lee et al. [13]
found that cutaneous reactions were more diverse in patients
treated with sunitinib than in those treated with sorafenib.
HFSR and OAEs were the most common mucocutaneous AEs
(Tables 2 and 3).

TKI- and mTORI-Induced OAEs

To date, information on the pathobiology of the OAEs induced
by targeted therapies is limited. In addition, there is no consen-
sus on terminology, and in the literature on OAEs associated
with targeted therapies, the terms mucositis and stomatitis are
used interchangeably. This makes comparison of OAE data
from different authors difficult.

An analysis of the appearance, course, and toxicity associ-
ations of mTORI-associated OAEs demonstrated that the con-
dition is distinct from conventional mucositis and more closely
resembles the presentation of aphthous stomatitis [14]. OAEs
appeared within 5 days of deforolimus administration and
were discrete, circular or ovoid, superficial, well demarcated,
and surrounded by an erythematous halo primarily involving
nonkeratinized mucosa. Their clinical appearance and distri-
bution were similar to that of aphthous stomatitis but incon-
sistent with conventional mucositis. The lack of other
gastrointestinal involvement but the presence of a higher prev-
alence of concomitant cutaneous AEs provided additional ev-
idence to suggest a distinction between mTORI-associated
OAEs and conventional cytotoxic therapy—induced OM [14].

In the study of Sonis et al. [14] of 78 solid tumor patients
treated with deforolimus, OAEs, reported as mucositis, were
dose-limiting toxicities for this new class of agents. OAEs
were reported in 66% of the 78 study participants.

In a study of 30 mRCC patients treated with sunitinib, no
correlation was found between the intensity of oral symptoms
and clinical evidence of mucosal damage [15]. Patients were
examined according to three standard assessments—the World
Health Organization (WHO) Oral Toxicity Scale [16], Na-
tional Cancer Institute Common Toxicity Criteria (NCI-CTC)
[17], and Oral Mucositis Assessment Scale (OMAS) [16]—
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Table 2. Prevalence and severity of OAEs

Sunitinib for

Sorafenib for Sorafenib for

Oral AE any grade (%) RCC Sunitinib for GIST RCC HCC Pazopanib Temsirolimus Everolimus

OM/S 38° 29¢ 28 25% 4¢ 41f 448

OMY/S grade 3 or 4 oP NR NR NR 0° 3 58

Oral pain 53° 6° NR NR NR NR NR

(Aphthous like) ulcers 33* 43¢ NR NR <1°¢ NR NR

Dysphagia (difficulty 7° NR NR NR NR NR 42

swallowing)

Difficulty oral intake NR NR NR NR NR NR NR

Dry mouth 121 6¢ NR NR NR NR 8e

Dysgeusia 63° 21¢ NR NR 16° 20" 102

Other oral AE Odynophagia 23° Mucosal inflammation NR Hoarseness 6" NR NR Mucosal

12,4 glossodynia 6¢ inflammation

19¢

Onset 1st—15th week;" Before 4th week in 81%  1st-8th week;* Before 4th NR NR NR

of patients® week in 90% of patients®

Dose interruption caused 9% 7* NR NR NR

by oral AEs

Dose reduction caused 26 8" NR NR NR

by oral AEs

Treatment 0* NR* NR NR NR

discontinuation caused

by severe OAEs

“Lee et al. (2009) [13].

Ferrari et al. (2009) [15].

“Adams and Leggas (2007) [43].
9Theou-Anton et al. (2009) [44].
“European Medicines Agency (2010) [45].
Kwitkowski et al. (2010) [46].

€Novartis (2010) [48].

"Llovet et al. (2008) [29].

‘Motzer et al. (2009) [26].

All severity was graded according to National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0.

Abbreviations: AE, adverse event; GIST, gastrointestinal stromal tumor; HCC, hepatocellular carcinoma; NR, not reported;
OAE, oral adverse event; OM/S, oral mucositis/stomatitis; RCC, renal cell carcinoma.

and according to an experimental assessment (EA) [15]. The
EA consisted of an assessment of a number of symptoms using
a visual analog scale (VAS) (range, 0-10) of dysgeusia, (sub-
jective) dysphagia, odynophagia, and oral mucosal pain, which
are subjective parameters, and objective mucosal erythema
and ulceration. Whereas at the end of treatment the WHO Oral
Toxicity Scale, NCI-CTC, and OMAS assessment were grade
01in 62% of patients and grade 1 in 38% of patients, in the EA
they observed no mucosal ulceration but 63% of patients ex-
perienced intense dysgeusia (VAS score, 7-10). Ten percent
had intense (VAS score, 7-10) and 13% had moderate (VAS
score, 4—6) odynophagia. Thirteen percent of the patients had
acute pain (VAS score, 7-10) and 40% had intermediate pain
(VAS score, 4—6). Three percent had moderate and 3% had
severe dysphagia. Moderate erythema was observed in 40% of
patients.

TKI- and mTORI-Induced HFSR

HFSR usually manifests as bilateral palmoplantar lesions, es-
pecially in areas of trauma or friction, such as over the inter-
phalangeal joints, distal phalanges, or heels [18], and

significantly affects patients’ QoL [13]. Although most com-
monly associated with sorafenib and sunitinib, it is also re-
ported with pazopanib and everolimus [19, 20].

HFSR is associated with symptoms that are seen with
OAEs too. Patients can develop localized, tender lesions that
appear as blisters or hyperkeratosis, which in some cases can
be surrounded by an erythematous halo (Fig. 1). Pain, dyses-
thesia, erythema, and edema [21, 22] are common Symptoms
on mechanically strained regions and can even appear without
obvious skin alterations [23].

In a meta-analysis by Chu et al. [24] on the incidence of and
potential relationship between tumor type and sorafenib-asso-
ciated HFSR, in total, 4,883 patients with metastatic tumors
from 11 trials were included for analysis. They found that,
among 3,252 patients with RCC, the prevalence of all-grade
HFSR was 42.0% (95% confidence interval [CI], 24.9%—
61.3%) and that of high-grade HFSR was 8.9% (95% Cl,
6.3%—-12.3%), whereas for 545 patients with malignancies
other than RCC, the prevalence of all-grade HFSR was
27.6% (95% CI, 20.2%—-36.4%) and the incidence of high-
grade HFSR was 9.1% (95% CI, 7.2%—11.3%). There was a
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Table 3. Prevalence and severity of HFSR
Sunitinib  Sunitinib Sorafenib Sorafenib

HFSR for RCC for GIST for RCC for HCC Pazopanib Temsirolimus Everolimus
Any grade (%) 33 43 594 49* 7" NR 5
Grade 3 or 4 (%) 9° 4¢ 114 8° 1 NR NR
Onset, days 5-82 (median, 32.4)*  3-56 (median, 18.4)* NR NR NR
Transient dose interruption  30% 29¢ NR NR NR
Temporary dose reduction 44" 407 NR NR NR
Treatment discontinuation ~ 19* 17* NR NR NR
caused by severe HFSR

3.0.

“Lee et al. (2009) [13].

"Motzer et al. (2009) [26].

€Adams and Leggas (2007) [43].
dSzczylik et al. (2007) [47].

“Llovet et al. (2008) [29].

'European Medicines Agency (2010) [45].
€Novartis (2010) [48].

not reported; RCC, renal cell carcinoma.

All severity was graded according to National Cancer Institute Common Terminology Criteria for Adverse Events, version

Abbreviations: GIST, gastrointestinal stromal tumor; HCC, hepatocellular carcinoma; HFSR, hand—foot skin reaction; NR,

|
Figure 1. Mammalian target of rapamycin inhibitor (mTORI)-
induced hand—foot skin reaction (HFSR). HFSR caused by tem-
sirolimus, an mTORI. HFSR is associated with symptoms that are
seen with oral adverse events too. As shown in this picture, pa-
tients can develop localized, tender lesions that appear as blisters
or hyperkeratosis, which in some cases can be surrounded by an
erythematous halo.

significant difference detected between patients with RCC
and those with cancers other than RCC in terms of the prev-
alence of sorafenib-associated all-grade HFSR (relative risk
[RR], 1.52; 95% CI, 1.32-1.75; p < .001). However, there
was no significant difference between patients with RCC
and those with cancers other than RCC in terms of the prev-
alence of high-grade HFSR (RR, 0.98; 95% CI, 0.76-1.26;
p < .86) [24].

In a meta-analysis of HFSR with pazopanib [25], the over-
all incidences of all-grade and high-grade HFSR were 4.5%
(95% CI, 2.5%—7.9%) and 1.5% (95% CI, 0.7%-3.1%), re-
spectively. The RRs for all-grade and high-grade HFSR with
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pazopanib monotherapy in comparison with controls were
greater, reaching statistical significance for all-grade (RR,
6.05; 95% CI, 1.11-33.12; p = .038) but not for high-grade
(RR, 2.51; 95% CI, 0.12-51.9; p = .55) HFSR. We did not
identify reports of HFSR caused by temsirolimus.

Because of the high prevalence of HFSR associated with
TKI use (Table 3), early detection and timely treatment are vi-
tal in managing patients during their drug courses to allow con-
tinued treatment [13].

OBJECTIVE

The aim of this study is to provide an overview of the preva-
lence and appearance of OAEs with TKI and mTORI treatment
and the current oral assessment tools commonly used in clini-
cal trials. We also wanted to find out if there is a correlation
among OAEs, HFSR, and rash.

METHODS

Search Strategy

We designed a search strategy to identify relevant literature
that described OAEs resulting from targeted anticancer ther-
apy among RCC patients in each database as outlined below.
We performed our search in the electronic databases PubMed,
Embase, and the Cumulative Index to Nursing and Allied
Health Literature (CINAHL) for literature published from
1980 through January 7, 2011, linking the subject search head-
ings with text word, MESH terms, and substance name. We
linked the key words “mucositis,” “stomatitis,” “ulcer,” “aph-
thous,” “oral pain,” “deglutition disorders,” “swallowing,”
“dry mouth,” and “altered taste” to the generic agents and
classes of drug. We didn’t make language restrictions. OAEs
in patients with cancer types other than RCC, GIST, or HCC
were not appropriate. Because of the paucity of OAE studies

2 < 99 <
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on TKIs and mTORISs at the time of the search, all publication
types were considered.

Selection Criteria

We were primarily interested in the clinical presentation of
OAE:s caused by TKIs and mTORIs. To be included, a paper
had to be focused on OAEs, including assessment as (one of)
the primary or secondary outcomes, and focusing on TKIs or
mTORISs. Papers that only described the appearance of OAEs
as a safety issue were excluded.

RESULTS

Initial searching found a total of 630 citations; 239 hits in
PubMed, 376 in Embase, and 15 in CINAHL. After removing
duplicates, 501 citations remained; 472 were discarded based
on title or abstract because they did not meet the inclusion cri-
teria and 29 citations were included for review.

TKI- and mTORI-Induced AE Profiles

Although some targeted agents share a common mode of ac-
tion, it should not be assumed that their AE profiles are com-
parable. Indeed, evidence indicates clinically relevant
differences among the toxicity profiles of targeted therapies,
including between agents with the same mode of action. For
example, sorafenib and sunitinib are both multitargeted TKIs,
but in patients with RCC, HFSR appears to occur more fre-
quently with sorafenib (30%) than with sunitinib (19%) [13],
whereas leukopenia, neutropenia, and anemia are common
with sunitinib (78%, 77%, and 79%) but not with sorafenib.
Febrile neutropenia or grade 4 thrombocytopenia did not occur
with sorafenib. Grade 3 or 4 anemia occurred in 3% of patients
and grade 3 or 4 lymphopenia occurred in 13% of patients [26—
28]. It should also be noted that the AE profile for a targeted
agent may differ among tumor types. For example, HFSR may
occur less frequently with sorafenib in patients with HCC than
in patients with RCC (Table 3) [27, 29]. In a meta-analysis per-
formed by Chu et al. [30], it was found that patients with RCC
had a significantly greater risk for all-grade HFSR than pa-
tients with a malignancy other than RCC, 42% (95% ClI,
24.9%—63.3%) and 27.6% (95% CI, 20.2%-36.4%), respec-
tively.

TKI- and mTORI-Induced OAEs

OAE:s are associated with many targeted agents. The oral bur-
den can be very difficult for patients, even when the treatment
is effective in combating the cancer. These circumstances can
lead to lower HRQoL, delay in treatment, dose modification,
or early cessation of critical antineoplastic therapy [13].

Clinical Presentation of TKI and mTORI OAEs

A variety of oral signs and symptoms have been described in
association with the use of TKIs and mTORIs. For example,
sunitinib treatment has been associated with oral mucosal hy-
persensitivity, oral ulcers, cheilitis, and taste alterations [23,
31]. Oral lesions associated with mTORIs have been described
as discrete, oval, superficial ulcers with an erythematous halo
(Fig. 2), an appearance similar to that of aphthous stomatitis

Oral Manifestations with TKIs and mTORIs

Figure 2. Mammalian target of rapamycin inhibitor (mTORI)-
induced oral adverse events. Aphthous stomatitis caused by tem-
sirolimus, an mTORI. As shown in this picture, patients can develop
localized, tender lesions that appear as aphthous stomatitis and that
can be surrounded by an erythematous halo.

and unlike that of OM secondary to conventional chemother-
apeutic agents [14]. Interestingly, and also unlike oral mucosal
toxicity associated with conventional chemotherapy, patients
on such targeted agents may sometimes present with oral com-
plaints such as mouth pain, dysgeusia, and dysphagia in the ab-
sence of any clinically apparent lesion [14, 21, 32]. Such
symptoms have been reported to rapidly improve during treat-
ment-free intervals [23] and may occur again with additional
dosing of the targeted agent.

Prevalence of TKI- and mTORI-Induced OAEs

Current data on the frequency of the OAEs associated with
each of the different targeted agents are highlighted in Table
2. OAEs are early symptoms, generally observed in
sunitinib and sorafenib patients 1-15 weeks after initiation
of treatment. As outlined in Table 2, many OAEs are not
separately reported. The highest score of any-grade OM or
stomatitis is reported with everolimus (44 %) and the lowest
score is reported with pazopanib (4%). OAEs generally ap-
pear 1-15 weeks after initiation of treatment; symptoms be-
gan before the fourth week of treatment in 81% and 90%,
respectively, of sunitinib- and sorafenib-treated patients.
The presence of OAEs required dose reduction in 26% of
the sunitinib-treated patients and in 18% of the sorafenib-
treated patients. No patient permanently discontinued treat-
ment as a result of severe OAE:s.

With mTORIs, oral lesions have a rapid onset (usually
within 5 days) and are usually of mild to moderate severity
(NCI-CTCAE grade 1-2). Lesions are usually found on the
mucosa of the lips, lateral tongue, buccal mucosa, and soft pal-
ate. Unlike viral-induced ulcers, they are not commonly seen
on the hard palate or outer aspects of the lip. They often present

T | .
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Table 4. Selected tools and their potential to assess OAEs caused by TKIs and mTORIs

WHO Oral Toxicity Scale
Scale NCI-CTCAEv3.0°[51] [16] OMAS [16] VHNSS2.0 [36]
Developed for Toxicities associated with ~ OM following conventional ~OM caused by HSCT  Head and neck

Scale description

Main driver of scale

Oral sites evaluated

Potential for use
for TKI- or
mTORI-induced
oral lesions

Potential for use for
TKI/mTORI oAEs

Potential for use
for mucocutaneous
AEs

conventional CT, RT,
HSCT

Clinician rated, objective,
subjective, and functional
parameters; 0-5 point
scale

Severity of AE; impact
on ADL

Depends on toxicity;
(nonkeratinized)
anatomical sites typically
at risk for conventional
oM

+

Can be modified for this
purpose

+

Can be modified for this
purpose

+

Can be modified for this
purpose

CT, RT, and HSCT

Clinician rated, combined,
objective, subjective, and
functional parameters; 0—4
point scale

Ulceration and ability to eat
and drink

(Nonkeratinized)
anatomical sites typically at
risk for conventional OM

+/—

Inclusion of keratinized/
specialized oral sites

Moderate risk for
underscoring of subjective
mucosal alterations

Clinician rated,
objective tissue scale;
1 total score

Cumulative surface
of ulcerations and
severity of redness

(Nonkeratinized)
anatomical sites
typically at risk for
conventional OM

AF)=
Inclusion of

keratinized/specialized
oral sites

High risk for
underscoring of
subjective mucosal
alterations

toxicities of
chemo-RT for
HNSCC

PRO; subjective
and functional
parameters;
includes Likert
scale for each
item

PRO; severity
of toxicities
associated with
HNSCC
treatment and
functional
impact
Symptoms
associated with
complications
in the head and
neck area

+

When extended
with questions
for oral
ulcerations.
Should be
combined with
objective
evaluation

+

Should be
combined with
objective
evaluation

YCTCAEV3.0, because within CTCAEv4.0 oral ulcerations are not addressed.
Abbreviations: ADL, activities of daily living; AE, adverse event; CT, chemotherapy; HNSCC, head and neck squamous
cell carcinoma; HSCT, hematopoietic stem cell transplantation; mMTORI, mammalian target of rapamycin inhibitor; NCI-
CTCAEV3.0, National Cancer Institute-Common Terminology Criteria for Adverse Events, version 3.0; OAE, oral adverse
event; OM, oral mucositis; OMAS, Oral Mucositis Assessment Scale; PRO, patient-reported outcome measure; QoL,
quality of life; RT, radiation therapy; TKI, tyrosine kinase inhibitor; VHNSS2.0, Vanderbilt Head and Neck Symptom
Survey, version 2.0; WHO, World Health Organization.

as individual ulcers, similar to aphthous ulcers (canker sores):
distinct round-oval lesions with grayish-white necrotic centers
surrounded by a ring of erythema. Unlike radiation- and che-
motherapy-associated mucositis, there is no pseudomembrane
formation (Fig. 2). Occasionally they are severe (grade 3), but
generally they are reversible by withholding treatment. In
many cases mucositis improves or resolves spontaneously de-
spite treatment continuation [33].
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Assessment of TKI- and mTORI-Induced OAEs
Numerous OM grading scales have been developed over the
years to grade conventional mucositis [34]. The complexity
and detail of these scales vary significantly and selection of a
mucositis scale is influenced by the reason for assessing mu-
cositis for either clinical care or OM research [35].

Targeted therapy may induce subjective symptoms of oral
burden without significant clinical evidence [15]. No validated
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Table 5. Prevalence and severity of rash

Sunitinib Sunitinib  Sorafenib  Sorafenib
Rash for RCC for GIST for RCC for HCC Pazopanib Temsirolimus Everolimus
Any grade (%) 242 14° 41¢ 19¢ 9e 47° 292
Grade 3or4 (%) 2° 1° 6° 14 <1° 5° 18

3.0.

“Motzer et al. (2009) [26].

®Adams and Leggas (2007) [43].
“Szczylik et al. (2007) [47].

dBayer HealthCare (2009) [49].
“European Medicines Agency (2010) [45].
‘Pfizer [50].

€Novartis (2010) [48].

All severity was graded according to National Cancer Institute Common Terminology Criteria for Adverse Events, version

Abbreviations: GIST, gastrointestinal stromal tumor; HCC, hepatocellular carcinoma; RCC, renal cell carcinoma.

targeted therapy—specific grading scales are currently avail-
able. The frequently used OM scales like the WHO Oral Tox-
icity Scale, NCI-CTCAE, and OMAS are not designed to
evaluate OAEs caused by TKIs and mTORIs and may result in
underreporting and poor grading of OAEs in patients treated
with these agents (Table 4). For example, the OMAS focuses
on objective ulceration and redness, whereas the WHO Oral
Toxicity Scale is mainly driven by the patient’s ability to eat
and drink. The EA suggested by Ferrari et al. [15] may be more
adequate for scoring TKI- and mTORI-induced OAEs. The
Vanderbilt Head and Neck Symptom Survey (VHNSS), ver-
sion 2.0, is a tool developed for head and neck cancer patients
treated with chemoradiation. It assesses patient-reported
symptom burden in the head and neck area and function loss
within symptom subscales, including nutrition, taste, pain,
voice, swallow, and mucous/dry mouth [36]. The Multina-
tional Association of Supportive Care in Cancer (MASCC)
Skin Toxicity Study Group proposed a grading system for the
most common epidermal growth factor receptor inhibitor
(EGFRI)-induced mucocutaneous AEs [37]. That scale is con-
sistent with the grading principles and language of the CT-
CAE, version 4.0, and may be formally integrated into future
CTCAE versions.

Management of OAEs

For the prevention of conventional OM, most recommenda-
tions begin with the use of oral care plans coupled with patient
education [38]. A range of products is currently in develop-
ment for the prevention and management of OAEs that fall into
four main categories—cell resistance modifiers, mechanism-
specific inhibitors, damage control agents, and healing accel-
erators. However, to date, proven approaches for the
prevention and treatment of OAEs are limited [38, 39]. No tri-
als have assessed the management of TKI- and mTORI-in-
duced OAEs. Sonis et al. [14] suggested that mTORI-induced
OAEs were distinct entities from conventional OM. The exact
etiology of aphthous stomatitis has not been fully determined,
but it is considered to involve immune mechanisms such as an-
tibody-dependent cell-mediated cytotoxicity and immune
complex formation; this is different from what is considered to

occur with conventional OM [40]. Interventions for persistent
TKI- or mTORI-related OAEs, therefore, may include the use
of various agents such as topical corticosteroids and anti-
inflammatory agents as well as supportive treatments such as
local anesthetics and antimicrobials [40]. It is important, how-
ever, to avoid unfavorable drug interactions with TKI and
mTORI drugs.

Correlation of OAEs with Dermatological AEs

Correlation Between OAEs and HFSR

Lee at al. [13] found a strong correlation between OAEs and
HFSR in the patients they studied, who were treated with
sunitinib and sorafenib. A significant correlation was found
between the occurrence of stomatitis and severity of HFSR
(p < .01, x* test for trend). OAEs were observed in 72% of
patients with grade 3 HFSR and in 47% of patients with grade
2 HFSR. OAEs were more likely to occur in patients with se-
vere HFSR than in those with mild HFSR. There was a signif-
icant relationship between the occurrence of stomatitis and
severity of HFSR (p = .004, x” test for trend), although no sig-
nificant correlation was found between HFSR severity and re-
sponse to treatment [13].

Correlation Between OAEs and Rash

Rash caused by TKIs or mTORIs can affect 9%—47% of pa-
tients (Table 5). Because there was a significant relationship
found between the occurrence of OAEs and severity of HFSR
in sunitinib- and sorafenib-treated patients, it is interesting to
assess the potential for OAEs occurring with rash. As far as we
know, there is no literature addressing this possible correla-
tion.

DISCUSSION

TKI- and mTORI-related OAEs are underrecognized although
they may represent a dose-limiting toxicity for this new class
of agents, especially considering the fact that even low grades
of OAEs with chronic daily dosing may result in morbidity that
may lead to dose reductions [14]. With the longer survival
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times for RCC patients, it has become even more important to
optimize HRQoL during treatment.

The prevalence of OAEs of any grade in renal cancer pa-
tients is 38% for sunitinib, 28% for sorafenib, 4% for pazo-
panib, 41% for temsirolimus, and 44% for everolimus.
Interestingly, targeted therapy may induce subjective symp-
toms of oral burden without objective clinical evidence (e.g.,
mucosal sensitivity and pain, odynophagia, xerostomia, and
taste alterations). Because of these symptoms and aphthous-
like ulcerations being distinct from conventional ulcerative
OM, current tools are of limited value for OAE assessment.
The EA from Ferrari et al. [15] and a modified version of the
VHNSS, version 2.0, are potentially useful to grade OAEs.
There is a gap in the current literature related to assessing
OAEs, HFSR, and rash resulting from therapy with TKIs and
mTORIs. Therefore, development of a comprehensive grading
system for TKI- and mTORI-associated mucocutaneous AEs
similar to the MASCC EGFRI mucocutaneous AE—specific
scale seems appropriate.

It is feasible that TKIs and mTORIs are associated with
other less frequent or not yet investigated oral complications.
For example, a case of jaw osteonecrosis associated with
sunitinib has been reported [41], salivary gland function may
be affected, resulting in hyposalivation and qualitative salivary
alterations, and patients taking mTORIs may be at risk for peri-
odontitis because these drugs induce immunosuppression and
affect collagen synthesis.

A strong correlation was found between severe OAEs and
HFSR. The results of the current review suggest that OAEs in-
duced by TKIs and mTORIs are distinct from conventional
chemotherapy- and radiotherapy-induced OM. More studies
are necessary into the pathobiology of OAEs induced by TKIs
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and mTORIs. In addition, studies of individual patient charac-
teristics predisposing for toxicities are promising, because
these may lead to optimal treatment strategies. For example, a
recent study indicated that polymorphisms in genes encoding
metabolizing enzymes, efflux transporters, and drug targets
are associated with sunitinib-related toxicities [42].

Targeted agents have mucocutaneous AEs in common,
with OAEs, HFSR, and rash as the most disabling AEs. Evi-
dence-based management guidelines to prevent and treat these
complications are required; presently they are lacking.

Additional studies of management strategies may therefore
be important for dose adherence to TKI and mTORI therapy
and for the overall acceptance of this therapy for patients.

Educating patients on the importance of reporting all AEs
and on compliance with the prescribed dose may increase early
recognition and ensure adherence to treatment, allowing the
most effective treatment strategy for the patient. There is cur-
rently only limited evidence for the prevention and manage-
ment of OAEs caused by targeted agents, which indicates the
need for more evidence derived from well-designed prospec-
tive clinical studies in order to improve management.
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